THE APPARATUS
The results presented here are based on an analysis of about 10% of the 5 x 10' events recorded by FNAL E690 during Fermilab's 1991 fixed target run. The E690 apparatus
[l] consisted of a high rate, open geometry multiparticle spectrometer ( Figure 1 ) used to measure the target system (T) in pp + pfast(T) reactions, and a beam spectrometer system used to measure the incident 800 GeV/c beam and scattered proton. A liquid hydrogen target was located just upstream of the multiparticle spectrometer.
The target was surrounded by a segmented lead-scintillator "veto counter," which was used to detect the presence of charged or neutral particles outside the aperture of the multiparticle spectrometer.
The 96 cell Cherenkov counter located at the downstream end of the main spectrometer magnet used Freon 114 as a radiator and had a pion threshold of 2.57 GeV/c. The multiparticle spectrometer had an approximately 700 mrad geometrical acceptance, and very good momentum resolution from 0.2 GeV/c up to about 15 GeV/c (a typical K, peak has a FWHM of 4 MeV/c2, see Fig. 6 .c ). A time-of-flight system provided r/p separation up to 1.5 GeV/c. The beam spectrometer had a transverse-momentum acceptance up to 0.8 GeV/c, with a resolution of apt= 7 MeV/c; and a longitudinal-momentum acceptance from 800 GeV/c down to about 600 GeV/c, with a resolution of apL= 400 MeV/c.
The trigger required the same number of incoming and outgoing beam tracks, and at least one non-beam track in the multiparticle spectrometer. So far the search for non ag mesons in the data has been done in the following three reactions: The analysis results of the above reactions will be reported in this paper.
FIGURE 1. E690 Multiparticle
Spectrometer.
THE COORDINATE SYSTEM
Reactions (1-3) were analyzed as a two step process: the production step in which an (X) system is formed by the collision of two objects (referred to as pomerons) emitted by the scattered protons, and the decay step, where (X) decays into either two particles (2-3), or a particle and an isobar (l), with the subsequent decay of the isobar into two particles.
The production coordinate system was defined in the center of mass of the (X) system, with the y-axis perpendicular to the plane of the two pomerons in the pp center of mass, and the z-axis in the direction of the beam pomeron in the (X) center of mass. It should be emphasized here that there is no unique way of defining the production coordinate system in central production.
The direction of the pomerons in the (X) center of mass is uniquely defined, but rotations around this axis are not. For example, the y-axis could have been defined as perpendicular to the plane formed by the beam and fast protons, or by the target and slow protons, in the (X) center of mass.
If the assumption that the (X) system is formed by the collision of two objects emitted by the scattered protons is accurate, then our selection of the y-axis is natural. A large rapidity gap between the protons and any of the central products will favor the assumption that (X) is f ormed by the exchange of two pomerons. In the data used for this paper the rapidity gap between pf and the fastest central particle is at least 3.5 units, and between ps and the slowest central particle at least 1.8 units.
The two variables needed to specify the (X) decay into two particles (2-3) were taken as the polar and azimuthal angles of one of the decay products in the production coordinate system. For the K,K, system (2) , the KS that defines the direction was taken at random. For the three body decay of the (X) the decay of the meson system was characterized by its isobar mass, the polar and azimuthal angles of the bachelor particle in the production coordinate system, and similar decay angles for the K* produced in the isobar decay in a coordinate system defined by a Lorentz boost from the K~TT center of mass to the center of mass of the isobar.
The five variables used to specify the production process were the XF and invariant mass of the (X) system, the transverse momenta of the slow and fast protons (~&,pf,~), and S, the angle between the planes of the scattered protons in the (X) CM. The analyses presented in this paper were done in bins of the (X) invariant mass, for the selected region in XF, integrating over p&, pz,f and 6.
No direct measurement of the slow proton pslOW was made in any of the three reactions (l-3). In each case, a clear proton peak was visible in the plot of the missing mass recoiling against the directly measured particles.
For the selected events the proton mass was assigned to the missing momentum and the three momentum of pslow and the longitudinal momentum of pfast were calculated using energy and momentum conservation.
In the two step process considered here, the (X) system is formed by the interchange of two pomerons, whose momentum vectors lie in a plane in the pp center of mass system. Parity conservation in the strong interactions implies that reflection in this plane should be a symmetry of the system [12) . Therefore the amplitudes used for the partial wave analysis were defined in the reflectivity basis [2] .
FINAL STATE: P SLOW(~;~*~T)pFAST
This final state was selected by requiring an interaction vertex in the LH2 target with one positive track, one negative track, and a Kf. At least one of the two charged tracks originating at the interaction vertex was required to be identified by the Cherenkov counter (as either a r, or ambiguous K/p), and the other one was required to be compatible with the assumed identity. No direct measurement was made of the slow proton. The missing mass squared shown in Figure 2 has a clear proton peak for both charge states of reaction 1; this quantity was required to be between -1.0 and 2.2 (GeV/c2)2.
In all events selected by the cuts listed above, the forward proton, pfast, was separated from the central mesons by at least 3.5 units of rapidity. A minimum gap of 1.8 units of rapidity was required between each individual meson and pslou. The XF of the meson system was required to be in the range [-0.15, -0.021.
Figures 2.a and 2.c show the KKT invariant mass distributions for the selected data sample. In both charge states, the spectrum is dominated by two peaks. One of these is easily identified by its mass and width as the fi( 1285). The second peak has a central value of approximately 1430 MeV/c2. No obvious structure is seen at higher mass. In particular, the fi(1510) seen in K-p interactions [3] is not evident. The Dalitz plot labelled "Data" shows clear bands at the K* mass, and an excess in the upper right corner. This indicates decay to K*K, with the charged and neutral K*'s interfering constructively, as required by even G parity. A full Partial Wave Analysis was done using the BNL-MPS parameterization [4] . Waves were labelled with spin, parity, and G-parity JPG, the isobar, and the absolute value of the spin projection and naturality IJ,IQ. All waves with spin 0 and 1 and isobars K* and a0 were tried. No incoherent background term was included in the fit. The K*(892) isobar was parameterized by a relativistic BreitWigner function, with mass and width as listed by the Particle Data Group [5] . The parameterization given in [4] was used for the ~~(980). The wave amplitudes were determined by maximizing the log of the extended likelihood function [6] . The analysis was done in 10 MeV/c2 bins of KKTT mass, from threshold to 1600 MeV/c2, for both charge states separately.
The analysis for each charge states gave identical results. Only the results for KiK+r-will be shown here.
The partial wave analysis was performed for each mass bin separately. First, each of the eighteen waves were tried one at a time. The single wave which maximized the likelihood was kept, and each of the remaining seventeen waves added to it one at a time. The two wave solution which maximized the likelihood was kept for the third iteration, and each of the remaining sixteen waves added one at a time. This process of adding one wave per iteration was continued until no significant improvement in the likelihood was observed. Below 1290 MeV/c2, only the two l++ aor waves with jJzIq = l* (the fi(1285)) were required. Above 1290 MeV/c2, four dominant waves were found: l++ K*K jJ,IQ = l* (the fi(1420)), and I+-K*K IJ,Iq = l*. For the KiK+r-final states the final step of this procedure is illustrated in Figure  4 . In this figure, the acceptance corrected intensities (normalized to the number of events) are shown for each set of waves. In each case, one additional wave was added to the dominant waves. For spin one, the figures show a sum of the I J,Iq components. As stated above, the data can be described completely using only waves with I J,I" = I*. This striking result is illustrated in Figure 5 for the KfK+r-final states. The figure shows the intensities extracted using six waves in each mass bin. For all three states, the solution contains equal amounts of I J,I = 1, q = 4~1, and no I J,I = 0. This result may be a consequence of the production mechanism [7] . If a meson of spin J is formed by the interaction of two identical particles of helicities Xi and X2, then the production amplitude Fix2 = (-l)J~~zx,. Therefore J = 1 + X1 # X2 + J, = A1 -X2 # 0.
The l+-K*K state seen in the previous studies may be an artifact of the way the analysis was done. It is likely that the inclusion of the tail of fi(1285) above 1290 MeV/c2 will make this state disappear. This problem is now under study.
FINAL STATE: P SLOW(~;~;)PFAST
This Final state was selected by requiring a primary vertex in the LH2 target with two KS, an incoming beam track, and a fast forward proton. No direct measurement of the slow proton pslovt was made, and no direct particle identification was used. The target veto system was used to reject events with more than a missing proton.
The missing mass squared seen in Figure 6 .a shows a proton peak with little background. Figure 6 .b shows the uncorrected zF distribution for the K,K, system. The arrows in Figures 6.a,b indicate the cuts used in the event selection. With these cuts, the minimum rapidity gap between pslou, and the K,K, system is 1.2 units. The rapidity gap between the meson system and pfast is greater than 3.7 units for all events. These distributions are very different than the KSKangular distributions observed by WA76 [9] . In the mass region around 1525 MeV/c2 our angular distributions are fairly flat, while the WA76 K+K-distributions show a distinctively spin 2 pattern.
A detailed partial wave analysis was performed from threshold to 2 GeV/c2. The analysis was done in two different ways. First, the amplitudes were extracted from the moments. Second, the amplitudes were determined by maximizing the extended likelihood with respect to the wave moduli and the relative phases. Within errors both analyses gave the same answer [lO,ll] .
The inherent ambiguities of a two body system are such that in our analysis there are two solutions for each mass bin [12, 13] . Both solutions give identical moments or identical values of the likelihood.
In order to continue the solutions from one mass bin to the next, one follows the Barrelet zeros [12, 13] . In general these zeros are complex and one lies above the real axis and the other lies below it. When the zeros cross the real axis the solutions bifurcate. In the analysis presented here, there is a bifurcation point at 1.58 GeV/c2. Before this bifurcation point there are two solutions, one which is mostly S wave, and another that is mostly D wave. Since at threshold the K,K, cross section is dominated by the presence of the fo(980) [14] it is possible to eliminate the solution that has a very small S wave contribution at threshold.
The remaining solution bifurcates at 1.58 GeV/c2 into a solution that has a large S wave contribution, and another that has a large D wave component. For the plots and details of the analysis see References [lO,ll] .
FINAL STATE: PsLow(~+r) PFAsT
This final state was selected by requiring a primary vertex in the LH2 target with one positive track, one negative track, an incoming beam track, and a fast forward proton. The positive and negative tracks were required to be pion compatible in the Cherenkov counter.
The missing mass squared seen in Figure 9 .a shows a clear proton peak. To eliminate backgrounds a tight cut -0.56 < MM2 < 1.12 GeV2/c4 was applied. Figure 9 .b shows the uncorrected z F distribution for the selected events. Only events in the interval -0.1 < XF < 0. were used in the analysis.
Rapidity gaps between pf and the fastest central pion of at least 3.5 units, and between p, and the slowest central pion of at least 1.8 units were required. Finally, the transverse momentum of both protons was required to be less than Figures 9.c and 9.d show the acceptance corrected 7rTT+7rTT-invariant mass. Three striking features are observed: a) the absence of the p meson, b) the sudden drop at 1 GeV/c2 due to the fa(980), and c) a second drop at about 1.45 GeV/c2, which is most likely due to the fe(l500).
Similar features have been observed before [15, 9] . Double pomeron exchange (or any state formed by two identical bosons) only allows states with quantum numbers Jpc = (even)++. Therefore in the limit of large rapidity gaps between the protons and the pions, and low pf, the p signal is expected to vanish, as is seen in our data.
To determine the spin and parity of the states present in our data a full partial wave analysis was performed from threshold to 1.6 GeV/c2 in bins of 40 MeV/c2 [16] . Al waves with J=O,l and 2, and IJzIq=O,l* were considered.
The projections 1 J, 1"=2* were not considered because the moments where these projections contribute are flat. After the acceptance corrected moments were calculated, the amplitudes for each wave were extracted by inverting the relation between the moments and the amplitudes. Since this relation is non-linear the inversion yields several solutions [17] . For the waves considered here there are eight solutions for each mass bin. The connection between the solutions in one bin and the next one is done following the Barrelet zeroes [13] . In our case four zeroes have to be followed in the complex plane as a function of mass. Every time the imaginary part of one of the zeroes crosses the real axis the solution bifurcates. No crossing of the zeroes with the real axis was observed in our data; therefore it is possible to follow all eight solutions from threshold to 1.6 GeV/c2. Near threshold the D-wave is the dominant contribution for six out of the eight solutions. Of the remaining two, one has the same amount of S-wave and D-wave near threshold. These seven solutions can be ruled
